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Tne  discovery  that  IgD  is  present  on  most  human  B  lymphocytes  was  rapidly 

follow.!  by  its  identification  as  a  major  B  lymphocyte  surface  isotype  in 

4-7 

several  otner  mammalian  species,  as  well  as  by  attempts  to  ascertain  its 

function.  Many  of  these  efforts  have  used  antibodies  prepared  against  IgD  as 

functional  probes  with  the  thought  that  anti-!  would  reproduce  polyclonally  the 

changes  induced  in  3  cells  when  their  surface  IgD  bound  antigen.  In^  vitro  ex- 

i-r incuts  have  shown  anti-3  antibodies  to  block  antigen  specific  responses  to 

a  variable  extent**  *J  and  to  induce  B  lymphocytes  to  proliferate  J*  Such 

cells,  when  further  stimulated  by  macrophage  or  T  cell  derived  factors,  dif- 

14 

fet>  ntiate  into  antibody  secreting  cells.  While  the  culture  conditions  and 

physical  forms  of  anti-5  antibodies  reqtfired  to  achieve  B  cell  activation  have 

varied,  it  is  generally  agreed  tliat  high  anti-5  concentrations  (i.e.,  50-100 

hg/ml)  are  required  to  maximize  B  cell  proliferation.^ 

15-17  IB  .  10,19  . 

Jii  *-vo  experiments.  performed  m  monkey.,  ruts,  <nJ  mice  have 

generally  indicated  tliat  anti-5  can  increase  the  humoral  immune  response  to 
high  doses  of  simultaneously  injected  antigen  but  does  not  induce  polyclonal 
B  cell  activation.  The  recent  availability  of  hybridoma  produced  anti-5  anti- 
todies  '  and  murine  IgD  secreting  plasmacytomas'*'  has  made  it  possible  for 
i  ,  .  x.ciune  ;_n  vi  v-.  .vi.iv.u  un  of  murine  lymp.iocyt.es  by  anti-5  antibodies 

uui.ui  mtl-j  concentration.-  similar  to  I  hose  achieved  m  m  vitro  activation 
experiments.  We  find  rnuc  within  S4  his  after  i.v.  injection  of  400  J.g  of 
.uttnity  punt  led  i  .at  mti-mouse  *  (O.iMi)  annbo.lv  sp ionic  3  cells  have  in¬ 
creased  their  quunt it ites  ot  cell  surface  is)  la  antigen,  their  size,  and 
their  rate  of  DMA  synthesis.  Ail  three  processes  are  T- independent.  Six-seven 
da/:,  after  anti-1  injection  a  second  phase  of  activation  is  observed  which  is 
T- do pendent.  Splenic  T  cells  as  well  as  B  cells  are  found  to  be  proliferating, 
a  3-4  fold  increase  in  the  number  of  spleen  cells  is  seen,  large  numbers  of  B 
cells  with  slg<;  are  found,  and  a  polyclonal  increase  in  the  secretion  of  both 
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IgM  and  IgG  is  observed.  This  state  of  polyclonal  immune  activation  persists 
as  long  as  anti-<5  antibody  remains  in  circulation;  once  injected  anti-6  is 
catabolized  the  immune  system  reverts  to  its  initial  level  within  one  week. 

GENERAL  PROCEDURES 

Fol^>wing  i.v.  injection  of  800  ug  of  GaM5  or  control  antibody  BALB/c  mice 
were  sacrificed  after  varying  periods  of  time.  Portions  of  spleen  and  lymph 
nodes  were  formalin-fixed,  sectioned,  stained  with  hematoxylin  and  eosin  and 
examined  microscopically.  Single  cell  suspensions  prepared  from  these  organs 
were  analyzed  for  volume  with  a  Ooulter  Channelizer  and  for  DNA  content  by 
staining  with  an  ethanolic  solution  of  Mithramycin  and  determining  cellular 
fluorescence  intensity  with  a  Becton-Dickinson  FACS  II  fluorescence  activated 
cell  sorter.  Cells  were  analyzed  for  surface  markers  by  staining  with  an  FITC- 
labeled  monoclonal  antibody  specific  for  Thy  1.2  (Clone  30H-12)  or  with  FITC- 
labeled  affinity  purified  Ftab'J^  fragments  of  rabbit  antibodies  specific  for 
mouse  6,  U,  or  y  chains  or  keyhole  limpet  hemocyanin  (control)  or  with  A.TH 
anti-A.TL  (anti-la)  or  normal  mouse  serum  (control)  followed  by  FITC-labeled 
rabbit  anti-mouse  y,  after  which  the  percentage  of  cells  positive  for  each  sur¬ 
face  marker  as  well  as  the  median  fluorescence  intensity  of  specifically 
stained  cells  was  determined  with  a  FACS  II.  Surface  Ig  was  also  studied  by 
radioautographic  analysis  of  an  SDS-PAGE  electropherogram  of  an  immunoprecipi- 
tated  NP-40  extract  of  125l  surface  labeled  spleen  and  lymph  node  cells  from 
anti-6  injected  and  control  mice.  The  percentages  of  cells  with  intracyto- 
plasmic  IgM  or  IgG  were  determined  by  staining  methanol  fixed,  cytocentrifugc 
preparations  of  these  cells' with  the  appropriate  FITC-labeled  antibodies  and 
examining  the  stained  preparations  by  fluorescence  microscopy.  In  some  ex¬ 
periments  the  percentages  of  cells  secreting  IgM  or  IgG  were  determined  by  the 
Protein  A  reverse  plaque  assay  and  the  percentages  of  cells  secreting  IgM  anti— 
TNP  were  determined  by  a  modified  Jeme  plaque  assay.  In  come  experiments 
mice  were  injected  with  ^I-thymidine  18-24  hrs  prior  to  sacrifice  and  the 
amount  of  JH  incorporated  per  2  x  106  culls  was  analyzed  by  scintillation 
spectroscopy. 

RESULTS 

I.  Early  Events.  Twenty-four  hrs  after  injection  of  GaM6  the  ratio  of 
white  pulp:  red  pulp  in  spleen  is  greatly  increased  and  the  small  B  lymphocytes 
of  the  mantle  layers  of  spleen  and  lymph  node  follicles  appeared  to  have  dif¬ 
ferentiated  into  ceils  with  increased  amounts  of  pale  staining  cytoplasm 
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These  changes  were  .ism: rated  with  marked  increases  in  spleen  cell  size 
(Table  2 )  and  DMA  smithes is  (Table  3) .  Twenty-four  hours  after  Gain  injection 
the  i  eroentaq.1  of  spleen  cells  with  greater  than  2C  MIA  was  more  than  -  fold 
increased  as  compared  to  control  valu.-s  (Table  3).  Three  days  after  GaM5 
injection  spleen  cells  from  anti-"1  treated  mice  showed  4  times  mire  in_  vivo 
’tl-thymidine  incorporation  on  a  per  cell  Ijonis  than  spleen  cells  from  control 
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TABLE  2 

EFFECT  OF  GaMd  ON  SPLEEN  CELL  SI2E 


*  *f“ 

Day  Antibody  Percent  of  Spleen  Cells  with  a  Volume  of 

Injected  113-243  u3  253-423  U3  429-626  y3 


N1  G  IgG 

74 

4 

1 

21 

4 

1 

6 

4 

3 

1 

GaMd 

51 

4 

1 

34 

♦ 

1 

15 

4 

1 

N1  G  IgG 

82 

4 

2 

15 

4 

1 

3 

♦ 

0.2 

3 

GaM<5 

37 

♦ 

3 

44 

4 

1 

18 

♦ 

2 

N1  G  IgG 

85 

4 

2 

13 

4 

1 

2 

4 

0.5 

7 

GaMd 

29 

♦ 

2 

46 

4 

1 

24 

4 

2 

NL  G  IgG 

84 

4 

1 

14 

4 

0.9 

2 

4 

0.3 

14 

CaM5 

79 

4 

18 

♦ 

3 

3 

4 

0.6 

** 

N1  G  IgG 

76 

♦ 

7 

20 

4 

5 

5 

4 

2 

13 

GdMO 

35 

4 

3 

43 

♦ 

1 

22 

4 

4 

<(lDays  after  injection  of  800  yg  of  normal  goat  IgG  or  GaMd. 

Mice  were  injected  with  800  Ug  of  normal  goat  IgG  or  GaMd  on  days, 
0,1,5,7,10,11  and  12. 

fArithmetic  mean  i  standard  deviation  of  spleen  cells  from  3  mice. 

+  •  — 

mice.  Sorting  of  these  cells  into  sla  and  sta  fractions  prior  to  Coulter 
analysis  and  scintillation  spectroscopy  demonstrated  that  only  the  sla*  cells 
from  GaMtS  treated  mice  showed  increased  size  and  3K-thymidine  incorporation. 
These  events  appeared  to  be  T- independent,  since  congenitally  athymic  (nu/nu) 
mice  and  mice  tolerized  to  goat  IgG  by  i.v.  injection  of  2  mg  of  ultracentri- 
fugod  goat  IgG  2  weeks  prior  to  GaMd  injection  behaved* similarly  to  normal  non- 
tolerized  GaM6  treated  mice  during  the  first  3  days  after  anti-6  injection. 
Anti— .S  induced  increases  in  sla  density,  B  coll  size,  and  9  cell  DNA  synthesis, 
are,  to  some  extent,  independent  events  in  B  cell  activation.  Injection  oe 
100  ug  ot  CaMO  induced  a  substantial  increase  in  sla  density  but  not  8  cell 
size.  B  colls  from  mice  with  the  CBA/N  X-linked  immune  defect22  increased  in 
size  in  response  to  GaMO  both  Ln  vivo  and  ir^  vitro  (A.  DoFranco  and  W.E.  Paul, 
personal  communication)  but  did  not  show  increased  DNA  synthesis. 

II.  Late  Events.  Six  -  seven  days  after  GaM<$  injection  the  immune  system 
demonstrated  further  evidence  of  polyclonal  activation.  Ttio  frequency  of  slgG* 
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7A3LE  3 

EFFECTS  OF  GaMS  OH  SPLEEN  CELL  NUMBER  AND  DNA  SYNTHESIS 


ft 

fay 

Antibody 

Injected 

Cell 

X 

.  Humber 

io"6 

3H-Thy  CPM/2  x  10s  Cells* 

Percent 

>2C  DNA** 

N1  G 

IgG 

101 

*•* 

(1.13) 

787  (1.10)*** 

4.7 

*** 

(1.60) 

1 

GaMS 

86 

(1.10) 

714  (1.30) 

10.4 

(1.26) 

N1  G 

IgG 

78. 

6  (1.06) 

548  (1.17) 

5.5 

(1.23) 

3 

GaKO 

119 

(1.10) 

2,257  (1.18) 

12.2 

(1.08) 

N1  G 

IgG 

75. 

9  (1.17) 

551  (1.17) 

5.5 

(1.11) 

7 

Gar-’.S 

352 

(1.22) 

1,866  (1.85) 

12.1 

(1.34) 

14 

N1  G 

IgG 

111 

(1.00) 

N.D. 

3.4 

(1.08) 

GaMS 

115 

(1.15) 

N.D. 

4.6 

(1.17) 

it 

L3 

Ml  G 

IgG 

169 

(1.53) 

N.D. 

6.4 

(1.70) 

GaMS 

263 

(1.63) 

N.D. 

22.6 

(1.21) 

* 

,tCays  after  injection  of  800  tig  of  normal  goat  IgG  or  GaMS. 

„ ,4Cete rained  by  fluorescence  intensity  after  staining  with  mithramycin . 
Geometric  mean  and  standard  deviation  of  spleen  cells  from  3  mice. 

+CPM  of  3H-Thymidine/2  x  106  Nucleated  Spleen  Cells  18  hrs  after  i.v. 
injection  of  100  uci  of  3II-Thymidine . 
ttttice  were  injected  with  800  ug  of  normal  goat  IgG  or  GaMS  on  days  0,1, 
5,7,10,11,  and  12. 

N.D.  =  Hot  Done. 

spleen  cells  increased  to  4-8  times  the  normal  level  (Table  1).  Some  of  this 
increase  may  have  been  due  to  formation  of  GaMS  -  mouse  anti-goat  Ig  immune 
complexes  that  bound  to  Fc  receptors.  However,  the  appearance  of  a  large  per¬ 
centage  of  Thy  l  slgM  cells  at  this  time  favors  the  possibility  that  in¬ 
creased  numbers  of  B  cells  with  intrinsic  slqC  were  appearing.  In  addition, 
snc-PAGE  analysis  of  reduced  li:  ?I-labeled  r.Ig  from  these  cells  indicated  the 
presence  of  a  major  band  with  mobility  sliqhtly  faster  than  that  of  i$  chain  and 
slower  than  that  of  the  heavy  chain  of  serum  IgG  .  This  major  band,  which  is 
found  only  in  trace  amounts  on  lymphoid  cells  from  control  mice,  has  a  mobility 

similar  to  that  of  previously  described  surface  y  from  murine  tumor  cell 

, •  24,25  Za 

lines. 

Spleen  cells  from  GaMS  treated  mice  7  days  after  injection  continued  to 
show  increased  size  and  DNA  synthesis.  However,  analysis  of  FACS  purified 
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TABLE  4 

EFFECT  OF  GaMO  ON  GENERATION  OF  SPLEEN  CELLS  THAT  EXPRESS  CYTOPLASMIC  IG 


* 

Day  Antibody  Percent  of  Cells  Expressing  Cytoplasmic 

Injected  IgM  IgG 


5 

N1  G  IgG 

GaMO 

0.9 

2.2 

(1-45) + 
(1.53) 

<0.2 

0.4 

(2.03) 

N1  G  IgG 

0.4 

(1.09) 

0.5 

(2.14) 

7 

# 

GaMO 

2.5 

(1.67) 

15.7 

(1.28) 

14 

N1  G  xgG 

0.2 

(1.46) 

0.3 

(1.88) 

GaMO 

0.7 

(1.29) 

1.4 

(1.60) 

*  * 

Ml  G  IgG 

1.5 

(1.14) 

3.1 

(1.54) 

13 

GaMO 

6.9 

(1.39) 

33.0 

(1.26) 

#ltDays  after  injection  of  800  bg  of  normal  goat  IgG  or  GaMS. 

Mice  were  injected  with  800  ug  of  normal  goat  IgG  or  GaMS  on  days 

0,1,5, 7,  JO, H.  a r-i  12. 

fGcometric  mean  and  standard  deviation  of  spleen  cells  from  3  mice. 

sla+,  sla  ,  sThy  1+  and  sThy  1  spleen  cell  populations  from  these  mice  showed 
that  beth  B  and  T  colls  had  now  increased  in  size  and  rate  of  DNA  synthesis. 
These  findings  are  consistent  with  the-  observation  that  absolute  numbers  of 
both  B  and  T  cells  in  spleen  were  now  substantially  increased  (calculated  from 
Tables  1  and  3). 

Increases  in  synthesis  of  IgG  and  IgM  by  spleen  cells  were  also  noted  7  days 
after  GaMS  injection.  This  was  evident  from  the  percentages  of  cells  that  con¬ 
tained  intracytoplai:raic  IgM  and  IgG  (Table  4)  js  well  as  from  approximately  10 
fold  increases  m  frequencies  of  Ig  secreting  coll;;  (determined  by  the  protein 
A  reverse  plaque  technique)  total  Ig  secretion  (determined  by  in  vitro  incorpo- 
ratf.ri  of  il-leuoim*  into  IgM  and  IgG),  and  cells  secreting  IgM  anti-TNP  anti¬ 
bodies.  This  List  finding  is  of  particular  importance  as  it  indicates  that  the 
increased  Ig  synthesis  stimulated  by  GaMS  represents  a  polyclonal  antibody  re¬ 
sponse  rather  than  simply  an  enhanced  anti-goat  Ig  response.  In  congenitally 
athymic  mice  no  increase  in  the  frequency  of  sIgG+  lymphocytes,  rate  of  lymph¬ 
ocyte  b!JA  synthesis,  spleen  cell  number,  or  Ig  synthesis  were  observed  7  days 
after  GaMS  injection.  Similarly,  mice  "tolorized"  with  2  mg  of  ultracentri- 
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fuged  goat  IgS  showed  much  less  evidence  of  polyclonal  activation  /  days  after 
OaMi  injection  than  did  non^olerized  nice. 

1X1.  Reversal  of  Activation.  Ten  days  after  GaM3  injection  circulating 
anti-5  was  no  longer  detectable  and  considerable  nrabers  of  sIgD+  cells  were 
seen.  Decreases  in  the  size  of  splenic  lymphocytes  and  a  reduction  in  the 
number  anc  frequency  of  sIgG+  cells  were  also  observed.  By  14  days  after 
anti-5  injection  these  parameters  (Table  1-3),  as  well  as  the  frequency  of 
cells  with  intracytoplasnic  Ig  (Table  4)  and  the  histologic  appearance  of  the 
;pleen  had  almost  completely  normalized.  One  abnormality  was  present,  hoover* 
the  percentages  of  B  lymphocytes  in  spleen  and  lymph  nodes  were  considerably 
below  the  unst inula ted  values. 

If  multiple  injections  of  GaMf  were  given  to  maintain  circulating  levels 
of  this  antibody  the  activated  immune  state  persisted.  As  many  as  40'  of 
spleen  cells  contained  intracytoplasnic  Ig  13  days  after  the  initial  anti-5 
injection  and  histologic  sections  of  spleen  demonstrated  many  lymphoid  cells 
with  relatively  large  amounts  of  darkly  staining  cytoplasm  in  both  the  red  and 
white  pulp. 

Discussion 

Our  data  suggest  that  in  vivo  B  cell  activation  by  soluble  anti-5  proceeds 
through  2  phases.  The  first,  which  includes  increases  in  sla  density,  cell 
size,  and  rate  of  DnA  synthesis  appears  to  be  T- independent.  The  second  phase, 
which  includes  a  further  increase  in  rate  of  DMA  synthesis,  acquisition  of 
sCg'i,  and  Ig  socroticn,  appears  to  be  T-dopenden t  and,  to  a  large  extent,  car¬ 
rier  dependent,  which  suggests  that  T  cell  help  specific  for  goat  Zg  may  be 
polyclonally  focused  onto  B  cells  by  GaMfi  antibody. 

Our  results  have  a  number  of  implications.  First,  they  establish  the  valid- 

26  27 

ity  of  a  two  stage  model  of  D  cell  activation  '  under  physiological  condi¬ 
tion;.  Second,  they  support  the  view  that  B  cells  acquire  slgG  in  the  process 
of  differentiating  into  IgC  secreting  cells. "  Third,  they  indicate  tliat  m 
this  presence  of  endogenously  generated  7  cell  help,  the  interaction  of  a 
ligand  with  slgD  can  activate  a  lymphocytes  to  secrete  antibody  even  when  that 
ligand  does  not  interact  with  slgM.  As  other  papers  in  this  volume  suggest 
that  the  interaction  of  ligand  with  slgD  is  not  required  for  B  cell  differen¬ 
tiation  into  antibody  secreting  c^lls^'^it  seems  likely  that  the  interaction 
of  ligand  with  either  slgD  or  slgM  gan  lead  to  B  cell  terminal  differentiation 
in  the  presence  of  appropriate  helper  factors.  This  interpretation  suggests 
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nlockir.g  of  in  vitro  itour.f  resior.jes  by  anti-..  or  ar.ti-6  antibodies  is 
•luc  to  a  fir-;'  supcres Jive  effect  induced  by  the  binding  of  these  ligands  to 
si  or  .:IgI/  rather  than  to  their  blocking  of  antigen  binding  by  slgM  or  slgD. 
In  previous  papers  -we  have  presented  our  belief  that  an  important  functional 
difference  between  slgD  and  slgM  is  the  relative  strength  of  the  suppressive 

effect  generated  by  ligand  -  slg  interaction,  with  the  binding  of  ligand  to 

19 

5lg.v.  producing  the  greater  suppressive  effect. 

It  is  of  ir.ttrest  that  the  anti-5  concentrations  required  to  achieve  poly- 

cl-.nal  activation  in  vivo  and  ui  vitro  are  higher  than  the  concentration  of 

sen'-  antigens  that  are  required  to  induce  specific  antibody  secretion  under 

similar  conditions.  The  low  epitope  density  ana  helper  factor  stimulating 

abilities  of  soluble  ar.ti-lg  antibodies  relative  to  some  antigens  may  contri- 

but«  to  this  difference.  For  example,  Parker  has  found  that  binding  anti-lg 

antibodies  to  an  insoluble  matrix  and  adding  helper  factors  to  an  in  vitro 

culture  system  substantially  reduce  the  quantities  of  anti-lg  antibody  required 

14 

for  b  cell  activation. 

T!ie  mechur.i :cto  by  which  T  lymphocytes  are  stimulated  to  proliferate  in  the 
second  phis.-  of  anti-5  activation  are  not  clear.  Possibilities  include  pro¬ 
duction  of  factors  by  activated  B  cells  that  induce  T  cell  proliferation, 
induction  of  T  cell  proliferation  by  goat  Ig-mouse  anti-goat  Ig  complexes, 
an  i  stimulation  of  an  autologous  MLR  by  new  antigenic  determinants  on  C.aM5 
modified  B  lymphocytes. 

Tin*  reasons  for  the  collapse  of  the. activated  immune  system  once  anti-6  is 
cat ab*l  _Cv4  a-  »'.;•>  obscure.  !U otologic  data  suggest  that  Cells  die  in  situ 
in  the  spleen,  rather  than  migrate  to  other  organs.  Specific  or  non-specific 
suppressor  macrophages  or  T  lymphocytes,  killer  cells  specific  for  activated 
lymphocytes,  and  an  immunologic  network  in  which  polyclonal  activation  results 
in  secretion  of  Ig  molecules  that  induce  "comolimentary"  suppression  by  bind¬ 
ing  t  .  cue!,  others  idiotypic  determinants  may  all  contribute  to  the  collapse. 
•Ji.’i.-  of  •  :.e^c  mvch.ui i„ma ,  however,  leads  inevitably  to  ::ut>pres;t ion  of  the  acti- 
vr  g  ir.imu  »r  .»*.•»,  - u*<-e  that  it.v«  appears  to  be  maintained  as  long  as  cir¬ 
cular  mg  1«;V(!  1  :■  of  uuMl  are  present. 

In  many  ways  polyclonal  activation  by  Gatli  antibody  seems  to  closely  par¬ 
allel  activation  of  antigen  binding  clones  by  a  T-dependont  antigen.  The  re¬ 
lative  ease  with  which  the  jui  vivo  GaMS  system  provides  large  populations  of 
activated  B  and  T  lymphocytes  should  therefore  be  of  great  value  in  the  study 
of  antigen  activated  cells  and  the  molecular  bases  of  B  lymphocyte  activation 
and  regulation. 
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